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Abstract 
 The purposes of this case study is to analyze and identify the variation 
of sewing workers’ performance of the apparel industry with respect to 
working hours in a day and different working days; and find out possible 
solutions to overcome these variations. Data was collected following the 
theory of work study and then statistical hypothesis test such as two-way 
ANOVA was done to uncover the variations within the work station relative 
to working hours and working days and the variations were occurred in around 
70% work stations whereas 53% stations faced variation in hourly only. 
Furthermore, the findings were analyzed by Delphi technique with a group of 
experts to identify the causes and the corresponding solutions. The Delphi 
experts group used a cause and effect diagram to identify the causes and finally 
suggested short-term and long-term solutions.  
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Introduction 
 The Textile and Clothing industry was the starter industry for export-
orientated industrialization (Gereffi, 2002) and economical developed 
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countries.  Now with the advantages of globalization this industry shifted to 
developing countries. Apparel industries are labor intensive industries (Kim et 
al., 2006, McNamara, 2008, Mottaleb and Kalirajan, 2014) and a huge number 
of skilled and unskilled workers contribute for performing various operations. 
In labor intensive manufacturing, improvements in labor performance and 
productivity along with process and product quality are important for 
achieving the target goal (Banker et al., 2002). The meaning of performance 
of manufacturing industries can be stated in different ways but the most 
common aspects available in literatures are some indicators relating to 
productivity, outputs produced, revenue gained and share value of firms 
(Islam, 2011). Over the past few decades, tools and techniques for modeling 
and predicting human performance in complex systems have evolved and 
matured. In labor intensive manufacturing system Human Performance 
Variation (HPV) may cause variations on the system performance (Siebers, 
2006). Different studies have been carried out on workers performance 
varying with different parameter. Literature shows that worker’s performance 
variations are occurred due to workers’ production task cycle times variation, 
attitude differences, manufacturing system design, food habit, family status, 
work–life balancing, different age variation, duty as shifting, fatigue, 
environment (such as temperature) etc. (Fletcher et al., 2008, Johnson et al., 
1997, White et al., 2003, Reid and Dawson, 2001, Ahmad Rasdan, 2010). 
Besides the worker’s performance variations; operational limitations such as 
lower working capacity of workforce, unfavorable working environment and 
poor R&D intensity and low process capability of manufacturing system are 
the causes of low productivity which leads industry towards poor performance 
(Islam and Hossairi, 2008). Labor and environmental standard such as child 
labor, health and safety features of workplace, working conditions and labor 
rights are interrelated for worker’s performance (Kaur and Metcalfe, 2003). 
So, to improve the worker performance, identification of the responsible 
parameter for variation is obvious. This performance may be measured with 
quantity of output, quality of output, timeliness of output, presence/attendance 
on the job, efficiency of the work completed and effectiveness of work 
completed (Mathis and Jackson, 2011). Advanced of production planning, 
scheduling and simulation based models were also suffered for accuracy due 
to variations of the worker performance. This paper considers two time based 
parameters to investigate the performance of the workers- one is working 
hours, another is working days. The term worker’s performance used here 
means how many parts he/she completed i. e. outputs in a given time (day and 
hour). This paper took advantage of statistical hypothesis testing heavily based 
on experimental data, two-way ANOVA (Lind et al., 2005, Walpole et al., 
2007) to find out the variations within work station relative to working hours 
and working days for the most labor intensive sewing process of apparel 
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manufacturing. After ANOVA the findings were analyzed by Delphi method 
(Loo, 2002, Saha and Roy, 2012), engaging eleven relevant field experts as 
members of Delphi group. A cause and effect diagram was used to identify the 
causes and their levels. Finally short-term and long-term solutions were 
suggested by the expert members of Delphi group.  
 
Literature review 
 Awareness on the importance of employee performance and searching 
of ways for improvement of employee’s performance to high level now 
become a concern for practitioners and academicians. Work measurement 
literature indicates clearly that workers’ task performance varies in two ways 
- different workers doing the same task and same worker repeating a task 
(Dudley, 1968). For instant, different workers’ task performance varies due to 
gender (Beck et al., 2012) age (Ng and Feldman, 2008) and learning curve 
effect for same worker repeating a task (Globerson, 1980). Again without 
presenting the data, a study claimed that analysis of variance (ANOVA) and 
t-test procedures show little or no significant effect on workers’ production 
task performance for differences between time-related conditions, namely: 
shift, week, day of the week, hour of day, hour in shift (Fletcher et al., 2008). 
Literature shows that a number of variables influence on the employee 
performances at work place in different production and service oriented 
organizations. These can be simply affects in two ways- positively or 
negatively. Such as, financial rewards and trainings increase the performance 
whereas stress, working hours and communication barriers hold back the 
performance of the employees in banking sector (Iqbal et al., 2015). Study also 
shows that empowerment, transformational leadership, teamwork, and work 
environment are capable in improving the overall employee performance of 
hotel industry (Chei, 2014). A study on oil palm plantation in rural area in 
Malaysia for job performance among the employees where 72% plantation 
worker shows that stress, work environment, workload and pay are the 
determinant of job performance (Munisamy, 2013). Similar results were found 
in a survey on more than 3200 workers in Britain; showed that factors such as 
money, recognition and motivation played important role in the job 
performance of these employees (Bassett-Jones and Lloyd, 2005). A 
quantitative study reveals that there is positive and direct relationship between 
employee performance and organizational culture, job satisfaction, training 
and development and there is a negative relationship between employee 
performance and stress at the workplace (Hassan M. E. Aboazoum, 2015). A 
review study divided performance into task and contextual performance and 
revealed that transformational leadership, organizational justice, work 
engagement, and public service motivation have direct effects on both 
performance (Jankingthong and Rurkkhum, 2012). Study on occupational 
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status and work–life flexibility for different types of job level such as upper, 
middle, and lower showed that the worker performance variation also 
influenced by different types of flexibility form (Kossek & Lautsch, 2018). 
 The stitching of components together i.e. sewing process is the most 
labor intensive task in apparel manufacturing (Cooklin, 2006, Park and 
Kincade, 2011). There are many factors that affect labor productivity. A study 
identified the factors and those were-Absenteeism of the employee, Working 
conditions of the units, Training facilities for the employees, Operator to 
helper ratio in the shop floor, Poor quality of raw materials and accessories, 
Frequent changes of styles, Technological changes in the field, Change from 
high volume to low volume orders, Usage of modern machines, Deviation 
from standard time in manufacturing and payment system 
(Shanmugasundaram and Panchanatham, 2011). Sewing process mainly work 
as assembly line and literature is also rich for improving the performance of 
apparel sewing section such as Line balancing by balancing work load to work 
stations (Chen et al., 2014), Financial reward like incentive systems (Bye et 
al., 2017, Shafiqul, 2013) Environmental of work place improvement 
(Samaranayake and De Silva, 2013), Ergonomic workstation design 
(Muhundhan, 2013), line layout (Islam et al., 2014). Integration of Continuous 
Improvement with existing lean production system helps to increase 
employees’ performance at shop-floor (Wickramasinghe and 
Wickramasinghe, 2016). Operator utilization rate also varied for both push 
and pull production system due to lot size, order complexity, the selection of 
apparel production systems and so on (Mak et al., 2015).  
 
Methodology 
 The study was conducted in an established apparel manufacturing 
industry (for sake of confidentiality the name of the companies has not 
mentioned) of a South Asian developing country. This study was done for a 
particular product, a basic T-shirt. The learning curve effect in basic T-shirt 
production line is comparatively less as this is the very common item to be 
produced in the RMG industry. The working hour in a day has been divided 
into 8 segments and outputs of each workstation have been taken. It was 
ensured that the same worker worked at each workstation for five days. Data 
for 5 days of the production line has been collected with the help of work study 
department of the industry. 
 
Data Analysis and Results 
Statistical analysis 
 The sewing line involved a set of workstation or workers in which a 
specific task in a pre-determined sequence is processed. The operations 
sequence of a basic T-shirt (Knit product) has been shown as in the table-1.  
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Table 1: Operation sequence of a basic T-shirt 
Operation 
No. 
Operation name 
Operation 
No. 
Operation name 
1 
Back and front part 
machining 
10 Piping top stitching 
2 Main label attaching 11 Sleeve hemming 
3 Size label attaching 12 Sleeve matching 
4 Shoulder Joint 13 Sleeve Joint 
5 Shoulder top stitching 14 Arm hole top stitching 
6 Neck/Rib rolling 15 Sleeve Truck 
7 Neck/Rib joint 16 
Side seam with care 
label 
8 Neck top stitching 17 Bottom hemming 
9 Neck piping 
  
 
 Mean output of each workstation of different working hours has been 
calculated and shown in figure 1. 
 
Figure 1: Mean Output of each workers of different working hours in a day 
 
 All data for each operation were tested for normality with 
Kolmogorov-Smirnov test (Mood et al., 1974) using Minitab® 16.1.1 
software and found to follow the normal distribution for each operation. As an 
example the test result for Back and front part machining operation (first 
operation) is shown in figure 2.  
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Figure 2: Normality graph for Back and front part machining operation 
 
 The two-way ANOVA has been conducted for each operation has been 
done using Microsoft Office Excel 2007 with the data analysis add-on. In two-
way ANOVA, the following null hypothesis and alternative hypothesis were 
as follow:  
1.   =H0  The treatment (Days) means were the same 
      1H =The treatment means were not the same 
2. 0H  The block (Hours) means were the same 
    1H =. The block means were not the same 
The level of significance was considered 0.05. 
 
 For example, ANOVA result of the Main label attaching (second 
operation) is presented in Table 2. 
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Table 2: Two-way ANOVA for Main label attaching 
Summary Count Sum Average Variance 
Day 1 8 2213 276.625 128.2679 
Day 2 8 2218 277.25 128.2143 
Day 3 8 2218 277.25 123.3571 
Day 4 8 2226 278.25 80.5 
Day 5 8 2240 280 75.42857 
     
Hour  1 5 1429 285.8 4.7 
Hour  2 5 1397 279.4 145.3 
Hour  3 5 1397 279.4 59.8 
Hour  4 5 1430 286 17 
Hour  5 5 1371 274.2 69.7 
Hour  6 5 1371 274.2 159.7 
Hour  7 5 1339 267.8 26.7 
Hour  8 5 1334 266.8 141.7 
ANOVA: Two-Factor for Main label attaching 
Source of Variation SS df MS Fcal. P-value F crit. 
Days 136.35 4 34.0875 0.45328 0.769157 2.714076 
Hours 1872.975 7 267.5679 3.557999 0.007342 2.35926 
Error 2105.65 28 75.20179    
Total 4114.975 39         
 
 The ANOVA result in Table 2 shows that the average number of 
production for Main label attaching is not varied with the working days as F-
critical value is greater than F-calculated value. Whereas, for working hours, 
the F-calculated is greater than the F-critical value which indicates the average 
number of production is varied with the production hour. So, for this operation 
the production per hour i. e. worker’s performance variation existed for 
working hours but not for working days. 
 Similarly the ANOVA was performed for all other operations and the 
final results of Two-way ANOVA have been summarized in Table 3 for 
worker’s performance variation due to either working hours or working days 
or both. 
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Table 3: Two-way ANOVA analysis result summary 
Operation no Operation name 
Variation in performance  
Working Days Working Hours 
1 Back and front part matching No Variation No Variation 
2 Main label attaching No Variation √ 
3 Size label attaching No Variation No variation 
4 Shoulder Joint No Variation √ 
5 Shoulder top stitching No Variation √ 
6 Neck/Rib rolling No Variation √ 
7 Neck/Rib joint No Variation √ 
8 Neck top stitching No Variation √ 
9 Neck piping No Variation √ 
10 Piping top stitching  No variation No variation 
11 Sleeve hemming √ √ 
12 Sleeve matching √ √ 
13 Sleeve Joint No Variation No variation 
14 Arm hole top stitching No Variation √ 
15 Sleeve Truck No Variation √ 
16 Side seam with care label √ √ 
17 Bottom hemming No Variation No variation 
 
 From the Table 3, it is seen that in case of operation no. 2, 4, 5, 6, 7, 8, 
9, 14 and 15 the performance of workers varies due to the number of hours 
other than number of days. For the operation number 1, 3, 10, 13 and 17 we 
observed that both the working hours and number of days has no effect on the 
workers’ performance variation. In case of operation no. 11, 12 and 16 it is 
clearly seen that both the working hours and working days have effect in the 
variation of worker performance. The Table 4 shows the percentages of 
Number of Stations for different variation ways. 
Table 4: Percentages of number of stations for different variation ways 
Variation way Number of Stations % 
Hourly only 9 52.9 
Day wise only 0 0.0 
Both way  3 17.6 
No way 5 29.4 
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Implementation of Delphi technique 
 The experts of Delphi group were employed to identify the causes and 
their solution. The credentials of experts are shown in Table 5. 
Table 5: Credentials of experts for Delphi Group 
Sl. No. Designation No. of Members 
1 Management personnel (production) 2 
2 Supervisor (sewing line) 2 
3 Skilled worker (sewing process) 2 
4 Engineer (line balancing expert) 2 
5 Trainer (sewing process) 2 
6 Health expert (Doctor) 1 
 
Cause-and-Effect Diagram by Delphi group 
 Experts group of Delphi technique prepared a Cause-and-Effect 
Diagram for worker performance variation in hourly, daily and both way and 
shown in figure 3.  
 
Figure 3: Cause-and-Effect Diagram for worker performance variation 
 
 The causes for worker performance variation in hourly, daily and both 
way were further analyzed by the experts and their opinions were summarized 
in Table 6. It shows that two causes were responsible for hourly worker 
performance variation only, whereas twenty one for both way (hourly and 
daily). The effect of one cause, Selection of sewing systems on worker 
performance variation in time based output rate was undefined.  
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Table 6: Levels, causes and time-based variation direction for worker performance  
Levels Causes 
Variation 
direction 
Men 
Interpersonal trust at work Both way 
Physical fitness Both way 
Sudden sickness Both way 
Concentration on task Hourly 
Team spirit Both way 
Human emotions Both way 
Machines 
Performance of machinery Both way 
Selection of sewing systems Undefined 
Machine breakdown or parts being 
delayed 
Hourly 
Methods 
Precedence relationships Both way 
Line layout Both way 
Standard operating procedures Both way 
Improper workload balancing Both way 
Management 
Lack of financial rewards Both way 
Supervisor support or relationship Both way 
Excess stress/ High target Both way 
Motivation Both way 
Environment 
Safety in the operation Both way 
Temperature Both way 
Ventilation Both way 
Lighting Both way 
Information & Knowledge 
Target rate of output (hourly & daily) Both way 
Career prospects Both way 
Lack of Training Both way 
 
Proposed solutions by Delphi group  
 After analysis and discussion the Delphi group suggested the solutions 
in dividing two ways; one for short-term improvement and another for sustain 
the improvement. Those are tabulated in Table 7. 
Table 7:Strategies for improvement 
Variations’ direction Strategies for short-term improvement Strategies for sustain the 
improvement 
Hourly only Training 
Session break 
Supervision 
Hourly Visual workplace display 
Proper workload balancing 
Training 
Supervision 
Build-up team spirit 
On time monthly or 
weekly wages payment 
Regular Medical 
checkup 
Day wise only Subjective Medical checkup 
Strategies (above) for hourly variation only 
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Both way Strategies for hourly only (above) and day wise (above) variation 
Method improvement 
Overtime working hours 
not more than two 
No forced overtime 
working hours 
Simplify the task using 
working aids  
Employers benefits & 
incentives 
 
Conclusion 
 The study established that the variation in performance for doing the 
same task by the same operator was happen in a basic T-shirt sewing line. The 
variations were occurred in around 70% work stations whereas 53% stations 
faced variation in hourly only. Delphi group of experts also agreed with 24 
causes were responsible for the variations. Among these causes nearly 90% 
were responsible for hourly and daily performance variations. These variations 
may create inconsistencies in production planning, factory performance and 
as well as response to customers. Some operations management strategies like 
workload balancing, method improvement, team spirit, simplification of task 
along with training and supervision were the settled opinions by the experts 
for minimizing these hourly, daily and both way workers’ performance 
variations.  
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